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Fecal excretion of Salmonella enterica serovar Typhimurium organisms was observed in patients and in
people not showing symptoms who were involved in an outbreak of food-borne infection with this organism.
Excretion of organisms was prolonged in the patients who were given antimicrobial drugs compared with those
who were not. The isolates were indistinguishable by their pulsed-field gel electrophoresis patterns and
biotyping from the strain recovered from the roast pork that had been consumed by all of the people. This
indicates that these isolates obtained from the infected people had originated in the contaminated pork.

Prolonged fecal excretion of the organisms is well known as
a consequence of intestinal Salmonella infection. Buchwald
and Blaser (2) reviewed 32 reports of persistent excretion of
Salmonella organisms following nontyphoid salmonellosis be-
fore 1984 and showed that such excretion was more prolonged
in patients younger than 5 years and in persons with symptom-
atic infections. Although minor deviations in pulsed-field gel
electrophoresis (PFGE) patterns were reported for entero-
hemorrhagic Escherichia coli O157:H7 isolates obtained from
patients during the shedding period (5, 6), the possible genetic
changes in Salmonella isolates recovered from individuals who
showed prolonged excretion have not been investigated. A
large food-borne outbreak of Salmonella enterica serovar Ty-
phimurium infection with more than 100 cases, also involving
people showing no symptoms, occurred in 1993 in Kanagawa,
Japan. We describe here the duration of fecal excretion of
organisms following infection with Salmonella serovar Typhi-
murium and the characteristics of the isolates obtained.

In October 1993, an outbreak of food-borne Salmonella se-
rovar Typhimurium infections occurred in a home for mentally
handicapped students in Kanagawa Prefecture, Japan. Among
the foods consumed by 107 students (7 to 33 years old; 33
females and 74 males) and 33 staff members on 28 October was
roast pork prepared by a caterer in Kanagawa. A total of 89 of
the students (27 females and 62 males) and 16 of the staff (10
females and 6 males) exhibited symptoms of diarrhea, fever,
and vomiting within 10.5 to 121 h after eating the pork. Sixty-
two of the 89 students were hospitalized and given fosfomycin
and norfloxacin. Eight staff members were also hospitalized,
although details of their treatment are uncertain. Twenty-
seven of the students with symptoms were treated only with
antidiarrheal drugs and were not hospitalized. Eighteen stu-
dents and 17 staff members showed no symptoms and were not
given antimicrobial drugs. Stool samples from 51 individuals
with symptoms and 6 without symptoms, vomit specimens from
12 patients, and 32 environmental specimens, including meals
stored in refrigerators that were obtained between 29 October
and 31 October, were subjected to bacteriological analysis.
Cultures of stool specimens from 47 symptomatic and 5 asymp-

tomatic persons, 4 vomit specimens, and a sample of roast pork
were all positive for Salmonella serovar Typhimurium. Most-
probable-number methods were performed using three tubes
for each dilution. The most probable number in the roast pork
was estimated as 2.6 3 105/g. Also, Salmonella serovar Typhi-
murium isolates were recovered from a sample of roast pork
stored at the caterer’s facility (4.3 3 104/g) and a fecal sample
from a family member of the caterer who had eaten the pork.
Based on these data, the roast pork was identified as the cause
of the outbreak.

Stool specimens were continuously collected from the stu-
dents and staff, at intervals ranging from 5 days to 2 months,
until two consecutive specimens from each person were nega-
tive for Salmonella serovar Typhimurium. For isolation, spec-
imens were enriched in a Hajna tetrathionate medium at 42°C
for 20 h. The enrichment cultures were streaked onto deoxy-
cholate hydrogen sulfide lactose agar and brilliant green agar
and incubated at 37°C for 20 h. Suspect colonies were identi-
fied as Salmonella by standard procedures, and all isolates
were serologically typed with antisera to O and H antigens
(Denka-Seiken Co. Ltd., Tokyo, Japan). Salmonella serovar
Typhimurium clinical isolates and those from roast pork were
subtyped by using PFGE with XbaI- and BlnI-digested chro-
mosomal DNA (8) and by biotyping (4). Antimicrobial suscep-
tibilities were determined by disk diffusion tests.

Salmonella serovar Typhimurium isolates were recovered
from a total of 33 symptomatic patients and 18 asymptomatic
carriers (Fig. 1). Fecal specimens from 14 students and 8 staff
members were positive for Salmonella serovar Typhimurium,
even after the patients were discharged from hospitals. Salmo-
nella serovar Typhimurium was not recovered 12 days postex-
posure from people with no symptoms. Positive samples were
obtained for 25 days from three of the students who were not
hospitalized and were not given antimicrobial drugs but who
had exhibited symptoms of diarrhea or fever at the onset of
infection. In the specimens from patients 241 and 233 at re-
spective days 19 and 25 postexposure, H2S-negative strains of
Salmonella serovar Typhimurium, identified on a sulfide-in-
dole motility medium (Eiken Chemical Co. Ltd., Tokyo, Ja-
pan), were obtained, as were H2S-positive strains. All strains
from symptomatic and asymptomatic patients, including H2S-
negative strains, were classified as biotype 7. They were sus-
ceptible to chloramphenicol, kanamycin, amikacin, gentamicin,
ampicillin, trimethoprim-sulfamethoxazole, fosfomycin, cefa-
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zolin, and cephaloridine and resistant to tetracycline, strepto-
mycin, and nalidixic acid. The H2S-positive strains showed a
PFGE pattern identical to that of the strain obtained from the
pork (Fig. 2). The H2S-negative strains gave a BlnI-digested
PFGE pattern that varied by two bands from with the pattern
of the H2S-positive strains. The XbaI-digested patterns of the
H2S-negative strains were distinguished from those of the H2S-
positive strains by one or four bands.

Because these isolates showed identical PFGE patterns, it
was proven that Salmonella serovar Typhimurium isolates ob-
tained from symptomatic and asymptomatic shedders of the
organism originated with the strain that contaminated the
roast pork, that is, the outbreak strain. According to the es-
tablished criteria for bacterial strain typing by PFGE (9), one
of the H2S-negative strains (Fig. 2, lane 14) was considered to
be closely related to the outbreak strain (H2S-positive strain).
The other (Fig. 2, lane 7) was interpreted as possibly being part
of the outbreak. A similar observation has previously been
reported for fecal samples from patients involved in an out-
break of food poisoning due to Salmonella enterica serovar
Enteritidis (7).

Our observation suggested that administration of antimicro-
bial drugs prolongs fecal excretion of Salmonella serovar Ty-
phimurium organisms. It has been known that prolonged ex-
cretion of salmonellae is caused by antimicrobial treatment of
acute salmonellosis (1), possibly because in their intracellular
site, Salmonella organisms are protected from the action of
antibiotics (3). There was no relation between the duration of
excretion and the age of infected persons. Because children
older than 7 years and adults were involved in the outbreak,
our results are consistent with the previous observation (2) that
the duration of excretion of organisms did not differ between
children of 5 to 14 years and adults. In food-borne infections
among mentally handicapped persons, secondary infections
due to their behavior are considered a possible cause of pro-
longed excretion. Our results show that the duration of excre-
tion of organisms for the students was almost the same as that
for the staff. No recurrence of excretion was observed for the
asymptomatic students. Therefore, it is unlikely that the pro-
longed occurrence of positive fecal samples was caused by
secondary infections. However, frequent checking of fecal

FIG. 1. Isolation of Salmonella serovar Typhimurium from patients and asymptomatic persons. F, feces positive for Salmonella serovar Typhimurium; E, negative
feces; a, all the staff members were adult (A); b, H2S-negative strains as well as H2S-positive strains were isolated (see the text).
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specimens after the acute phase of Salmonella infection is
considered necessary to prevent further infections.

We are grateful to Jane K. A. Cook of Intervet U.K.
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FIG. 2. XbaI-digested (A) and BlnI-digested (B) PFGE patterns of Salmonella serovar Typhimurium isolates. Lanes: 1, the strain from roast pork; 2 to 5, strains
from patient 4, 5, 6, and 7, respectively, at day 7 postexposure; 6, 8, and 9, strains from patient 241 at days 19, 25, and 47, respectively; 7, H2S-negative strain from patient
241 at day 19; 10 to 12, strains from patient 244 at days 19, 25, and 47, respectively; 13 and 14, H2S-positive strain and H2S-negative strain, respectively, from patient
233 at day 25; L, lambda 48.5-kb ladder; S, Saccharomyces cerevisiae size standards. The sizes of the markers in kilobase pairs are indicated to the left of each panel.
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